using a JEOL JPS-9200 spectroscope with Mg Kα excitation (hν = 1253.6 eV). Binding 1 energies of the photoelectrons were calibrated with a contaminant carbon peak energy 2 (285.0 eV). 3 4 2.3 Wettability evaluation. 5
Surface wettability was evaluated by static and dynamic contact angle 6 measurements for water droplet (4 μL) on specimen surfaces by a Kyowa Interface 7
Science DM-CE1 contact angle measurement system after air exposure for various 8 periods of time in a laboratory atmosphere. Dynamic contact angle measurements were 9
performed by an expansion and contraction method. Contact angle values used in this 10 study were average data of five different points on each specimen. 11
For examination of the self-healing hydrophobicity, oxygen plasma was irradiated 12 for 4 min using a Harrick Plasma PDC-32G air plasma cleaner to the hydrophobic CeO 2 13 surface specimen in order to decompose organic contaminants on the surface. Then, 14 water contact angle (WCA) was monitored during subsequent air exposure. This 15 process was repeated several times. 16 at low magnification (Fig. 1a) , while high magnification micrograph (Fig. 1b) discloses 22 that the coating consists of densely packed nanoparticles with 10-15 nm in diameter. In 1 Fig. 1a , microcracks are also found in the coating, probably associated with the 2 shrinkage of the coating, which is caused by dehydration of the anodically deposited 3 coating during drying [28] . Kulp et al. deposited anodically CeO 2 at 0.5 and 1.1 V vs 4 Ag/AgCl in Ce(III) acetate solution [29] . They obtained a smooth and crack-free film at 5 0.5 V vs Ag/AgCl, while a film formed at 1.1 V vs Ag/AgCl contained nanoparticles. 6
They suggested that the nanoparticles were formed because of indirect oxidation of 7
Ce(III) with O 2 , which was generated by electrochemical oxidation of water. The 8 presence of nanoparticles in the present coating suggests such indirect mechanism of the 9 formation of CeO 2 . In fact, we found gas generation on anode during anodic deposition. 10 TEM observation of the coating cross-section (Fig. 1c) reveals that the coating is 11 approximately 60 nm thick and uniform in thickness. EDX analysis of the marked 12 region in Fig. 1c indicated the atomic ratio of Ce:O close to 1:2, corresponding to the 13 composition of CeO 2 . Figure 2 shows the X-ray diffraction pattern and GDOES 14 elemental depth profile of the anodically deposited CeO 2 on the electropolished stainless 15 steel plate. Only a CeO 2 phase (JCPDS card 34-0394) is identified from the X-ray 16 diffraction pattern, apart from the reflections from the stainless steel substrate (Fig. 2a) . 17 The species (Fe, Ni and Cr) derived from the stainless steel substrate are not detected 18 within the coating in the GDOES elemental depth profile analysis (Fig. 2b) . Thus, rather 19 pure CeO 2 is deposited on the stainless steel, although, from the depth profile, hydrogen 20 and carbon impurity species appear to be slightly incorporated in the coating. The 21 9 incorporated carbon species may be derived from hexamethylenetetramine added in the 1 coating solution. 2 Then, the wettability of the CeO 2 -coated specimen was examined by static 3 contact angle measurements. Figure 3 shows the WCAs and optical photographs of 4 water droplets on the surfaces of the CeO 2 coating on electropolished stainless steel and 5 the flat alumina film formed by anodizing of aluminum as a function of air exposure 6 time. The WCA of the CeO 2 coating on the flat stainless steel is only 20 o immediately 7 after deposition; the anodically deposited CeO 2 is hydrophilic. This is contrast to the 8 hydrophobicity of the magnetron-sputtered CeO 2 surface [20] . However, the WCA 9 gradually increases with time of air exposure and reaches ~104 o after three days. This 10 means that the CeO 2 surface changes from hydrophilic to hydrophobic during air 11 exposure. On the other hand, the WCA on the alumina surface remained hydrophilic 12 even after three days. exposure. This is because of covering coating surface by hydrocarbon contaminants, as 21 described below. 22 The O 1s spectra reveal two peaks at 529.5 eV and 531.4 eV; the former is 1 assigned to Ce-O-Ce and the latter to −OH/H 2 O oxygen, defective oxide or carbonate 2 oxygen [30, 35, 36] . The presence of surface −OH/H 2 O species probably make the 3 surface hydrophilic. During air exposure, the intensity of −OH/H 2 O peak decreases 4 slightly. The most significant change in the spectra was found in C 1s spectra during air 5 exposure. The contaminant hydrocarbon peak at 285.0 eV becomes intense largely 6 during air exposure, indicating the accumulation of hydrocarbon layer on the CeO 2 7 surface. A small peak at 289.0 eV is assigned to carboxyl or carbonate species [37, 38] , 8 whose intensity remains almost unchanged during air exposure. 9
The change in the XPS spectra of the Al 2 O 3 surface during air exposure was also 10 examined ( Figs. 4d-f) . The Al 2p spectra shows a peak at 74.3 eV, corresponding to 11 (Figs. 7g-i) . 10 hysteresis is as low as 2.0° (Fig. 8b) ; the surface is superhydrophobic. 18 Figure 9 shows the schematic illustration showing the wetting behavior of the 19 CeO 2 surface coated on etched stainless steel plate and mesh. The coating on the etched 20 stainless steel plate was hydrophobic but not superhydrophobic. As discussed above, the 21 surface is in the Wenzel state (Fig. 9a) [41] . Similarly, the CeO 2 coating on the stainless 22 steel mesh without electrochemical etching is hydrophobic from the WCA shown in Fig.  1 8a, but not superhydrophobic. Rather smooth wire surface of the mesh allows water to 2 penetrate through the mesh. 3
On the other hand, it is most likely that the CeO 2 coating on the etched stainless 4 steel mesh surface was in the Cassie-Baxter state due to superhydrophobicity, as shown 5
in Fig. 9c . Assuming the Cassie-Baxter state, the f value in the equation (2) is estimated 6 to be as low as 0.12 from the θ R and θ F values of 155.7 and 104.1, respectively [42] . 7
This f value suggests that only a limited part of the mesh wires, roughly 4 µm width of 9 the top part of the mesh wire, may be in contact with water droplet. Pinning of the water 10 droplet by surface roughness of the mesh introduced by electrochemical etching is 11 effective in achieving the superhydrophobic state. 12 13 3.4 Self-healing property of superhydrophobic CeO 2 surface 14 Since the superhydrophobic CeO 2 surface was obtained by accumulation of a 15 carbon contaminant layer from the atmosphere, superhydrophobicity will be self-healed 16 even after removing the hydrocarbon surface layer. In this study, we examined the 17 self-healing behavior after oxygen plasma treatment of the superhydrophobic CeO 2 18 surface. As shown in Low durability is one of the critical issues for the practical use of 4 superhydrophobic materials. Self-healing property is, therefore, of crucial importance to 5 enhance the durability [45-49]. The present superhydrophobic CeO 2 surface on the 6 stainless steel mesh showed the self-healing property because hydrophobic surface layer 7 is derived from hydrocarbon in the atmosphere. In addition, rough CeO 2 surface is 8 readily be prepared by a combination of simple electrochemical processes. The 9 hierarchical CeO 2 surface formed by the electrochemical approach is, therefore, 10 promising as a practical self-healing superhydrophobic material. 11 
